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ABSTRACT

{" This investigation deals with mapping the velocities at successive
gross-sactional planes in the test section of an open-jet wind tunnel.

3 The instrumentation was chosen so that the total uncertainty on the

_ calculated velocity would be less than 1% with a 95% confidence level.
s‘f-¥¥‘*\‘The3etwds‘studiednsingphvtegraphyandagridnand-tnrt\sghema,‘\\
[: and it was determined that the same flow characteristics appear at both
high and low flow rates.
The best probable location for model testing was determined to be
14 ft. to 24 ft. away from the exit plane of the tunnel as indicated
- by the combined pressure measurements and the photographic studies.

It was also noted that turbulent mixing occurred between the jet and the

still air in the room. The turbulence had a tendency to move in toward

E; the center of the jet at successive planes from the exit plane of the

tunnel. The most drastic change in turbulent mixing occurred at a

ey
3 i

cross section 3 ft. away from the exit plane. Recommendations for

alterations to the facility are made for testing at or near the 3 ft.

=

location.
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L. INTRODUCTION

This investigation deals with defining the low-speed flow field
in terms cf mapping the velocity profiles at successive cross sections
in the test section of the Themis open-jet wind tunnel,

This tunnel was designed and constructed under the current Themis

grant. Fig, ! shous a side view of this tunnel with dimensions. Cen-

tral to the éésign is & éuff#lsﬁgaré; T&é;ﬁS:ﬁkéjusta;ﬁﬁéheaxial F;ﬁ:iu
which is driven by a 75 BP, A,C, electric motor. By adjusting fan
blade vane angles, changing belt pulley diameters and varying the inlet
damper settings, an approximate range of 10,000 o 68,000 CFM may be
obtained.

Figs. 2 and 3 show the fan, wind tunnel and test section. It can
be seen from Fig. 2 that the wind tunnel exhausts into the open rcom
and then out through the wsll, hence the term open-jet. The advantage
of an open-jet wind tunnel is thst it has a uniform constant pressure
teurdary, which does away with boundary layer affecis enccuntered in a
closed test section tumnel. The constant pressure boundary in this case
is the atmospheric pressure of the room.

It is expected that when an open-jet discharges intc a room, the
stream diverges slightly on all sides, and mixing or turbulence occurs
at the boundaries of the stream. The exit dimersions of the wind tunnel
are 4 f+. x 4 ft. and these dimensions describe the maximum outer edges
of the test section. It is conventional to assume that the test sec-
*ion extends away {rom the exit plane one exit rlane diameter. In this
case, ore diameter would be 4 ft. providing a maximum testing region of

boee, x b x 4 ft,

ﬂ
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h An open-jet flow field is totally defined when the distribution
* of static, dynamic and total pressures plus the distribution of tempera- o
, %E ture and turbulence are known.1 Therefore when testing ths character-
- isties of an air stream, the problem becomes basically an instrumentation
Bk i
{EE problem.
3 iz The parameters to be measured are dynamic, static and total pres- .
A,JW,,A;, ~ sure, ard a temperature in the air stream. These parameters will jater :
éé be usad to calculate velocities. 1274;7;;;;;;;;§7f6r an e%ps;imeﬁ£§;wr -
: . to ascertain an acourate finagl result with a preiletermined uncertainty
4 level. Therefore, when the parameters being measured during the experi-
i ?é mentation are taken, the expsrimenter must know 10w accurately to measure z

each one. Once the uncertsinty of the result, at . certain confidence

sakanr

H 1: level, is decided upon it then becomes necessary to choose the instru-

e BT

mentation which will produce this desired result., For this investigation

1 it was desirous to calculate velocity with a total uncertainty at each
1 point to be less than 1% with (20:1) odds. From an investigation of the
L 34l4s5

theory of measurements, it can be seen that the use of an instrua
3] éé ment or meter, and the confidence level placed on the measurements taken

in a single sample, are lefi to the discretion and experience of the

L]
.

AN TN
i e ¥

user. A confidence level of (20:1) was postulated for velociiy and by
an investigation of manufacturers' literature,6 Power Test Codes,B’u and

consultation with more experienced experimenters; an uncertainty, ai the

confidence level of (20:1), was arrived at for sach measurement to be

| i

taiken.
By using a prucedure outlined in "Describing Uncertainties in

Single-Sample Experiments"2 by Kline and McClintock, it is then possible

el Seid  Pest




“» caleulate the veloc ty and its uncertainty, knowing the values of
ard uncertainties on the messurasents izken of atatié, dynamic and
“o*al vressure and an air s:ream tempsrature. The Kline and McClintock
vrocedure was used to "size" the instruments to the parameters to be
measured and to calculate velocities and uncertainties at a specified

conficdence level in this investigatlon.



a II.  JUSTIFICATION
i
i The *-stification for conducting this investigation is to define
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the outer boundaries of the open~jet and to map the velocities in the

eore of this jet. The data obtained during such an investigation is

‘ Li 1. The flow characteristics must be examined to see

if the fan and wind tunnel are performing as pre-

” described by the design specifications; and if not,
é} to change the flow characteristics.

‘i 2. To provide e set of data on the veloeity and pressure
i distiributions for any experimenter who may choose to

do test work with models.
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1T, PLAN OF WORK

It is proposed to condu:t an investigation of the low-speed air
strear in the test section of the Themis open-jet wind tunnel. A low-
speed air stream is defined with respect to volodity, vhen the distri-
butions of dynamic pressure, static preasure and temporatﬁro are
known.1

It is proposed to determine the distributions of dynamic, static
and total pressure; and to measure a temperature of th§ air stream for
the following two flow rates: (20,000 and 60;000 CFM).

It is further proposed to examine the fibw visually by photo-

1 4n an attempt to

graphic techniques using a grid-and-tuft device
visually define the Lcundary dimensions of the flow core and to examine

the steadiness of flow in sucressive cross sections in the test section.
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i IV. EXPERIMENTAL APPARATUS AND PROCEDURE
- ¥
7 A. Instrumentation %
¥
The instrumentation used in the measurement of the pressure paraeme- %
-y 3
EE ters and a.r stream temperature were as follows: =
" Parameter - Instrument ;
L Static and Total - % in. dismeter Fitot tube
Pressure 6 in. x 24 in. long
O
g Dynamic Pressure - Flow Corporatior., Model MM3,
Micromanometer
i Resolution: + (,0001 in. of

Marometer fluid

Accuracy: + 0.0002 in. of
Manometer fluid

t«w&—-z

Manometer fluid - Butyl aleohol

e

Maximum Pressure Difference - 2 in.
of Manometer fluid

£

i

e Air Stream Temperature - Artco - 38017 P Glass Lab-Type
Thermometer

L=

Scale: 0 - 220°F in 2° increments

1t Static Pressure - Manning, Maxwell and Moore - Naval
z; Type - Mercury barometer. Charts T
for temperature and latitude cor- P

rections werse available.

it

Time - Standard 0 = 15 min. stop watch

B. Apparatus

| =t

Photographs of the wind tunnel and fan used in this investigation

| Szt

can be seen in Figs, 1, 2 and 3. Fig. 1 shows a side view of the wind
tunnel with dimensions. It can be seen from this figure that the

tunnel is constructed in three sections. A diverging inlet section,

a2 plenum chamber complete with perforated plates, one layer of honeycomb

L B
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~ " varied. The fan is powered by & 75 HP, A,C, electris motor turning a

"

and several fine mesh screens, and a convergent section with an exit area
of & square feet.

Air is supplied to the tunnel by a Buffalo Forge, Type S, Adjustax
Vaneaxial Fan. The fan has 10 adjustable angle blades ard an adjustable,

manually operated, inlet damper so that the volume flow rate may be

multi-sheaved V-belt pulley. By varying pullsy diameters, blade angles
and inlet damper settings, a range of flow rates between 10,000 to
68,000 CFM can be achiaeved.

The apparatus used for locating the pitot tube in the test section
can be seen in Fig. 4. This apparatus consists of & test stand con-
structed of 9 in. channel iron, held approximately 2 ft. - 8 in. above
the floor by standard-size cement blocks. Secured tightly to the upper
side of the channel iron are a series of 3/U4 in, diameter pipes. The
pipes are spaced so that they form reference locations for sach succes-
sive cross-sectional plane moving away from the exit plane of the wind
tunnel. The spacings were: 6 in. from the exit plane, and then at every
18 in. for 4 spaces.

A reference frame was constructed from 3/4 in. square stock with
base dimensions of 3 ft. - 6 in. long by 2 ft. - 6 in. wide. A 5 ft.
tall mast was erected on the base and braced with a piece of 1/2 in.
diameter pipe. The reference frame was then placed on top of the test
stand with the bottom leading edge resting agairst the first 3/4 in.
diameter pipe.

A grid-a:d-tuft system, shown in Fig. 16, was constructed so that

the flow could be examined visually. It consisted of a 2 x 4 in. wooden
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rg support frame with s 6 ft. square grid area.  The grid was constructed T
by stringing 0.20 in. diameter piano wire across the frame at L in. E
spacings both in the vertical and horizontal directions amd then sta-

pling the wire down with poultry staples. The support frame resembled

iz ;} ) that of a portable blackboard frame, with the center line of the grid

5 &t the same height as the center line of the air stream. Tufts of 3/4

;% 32 — ounce baby yarn, 8-3/# iﬁ. long werse tiedv¥$ithogggi;;égéiigﬂwof each S
qé | square of the grid.

C. Procedure
8. Preliminary Procedure for Pressure Measurements

i :

‘?L“‘.'!’N'
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After the test stand and reference frame were positioned and
leveled, the center line of the axit plane was determined. This was

accomplished by running two pieces of string diagonally across to

Uy
W

P L T AT T OF ATSEO N SR VN o :
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opposite corners of the wind turnel exit, A 5§ ft. length of tape

measure was cemented to the front side of the mast of the reference

[ foen

frame with a convenient inch mark being placed directly opposite the

Y
b4
E<]
i
E
2
2
i
"
2

3

Sz

point where the strings crossed, The pitot tube was clamped to the

Py

mast over the tape measure. With the reference frame still located

at the center line of the oxit, lines were scribed on the pipes, on

ez AT

8
T

either side of tha reference “rame, at 4 in. spacing for the width of
the test stand. Thus by moving the pitot tube vertically or sliding
the reference frame horizontally any point in the exit plane could be

located accurately to within + 1/8 in., Mapping of successive cross-

| e

sectional planes was achieved by moving the reference frame back on

the test stand the desired number of spacings between pipes.

The pitot tube was comnected to the micromanometer by two 15 ft.

:E
i
i
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lengths of % in. Tygon tubing., The micromenometer was set off to one
" side of the air stream, and it became necessary to counterweight the
L Tygon tubing so that it would not dangle in the air stream. This was

accomplished by attaching a piece of string to each piece of tubing,

and then passing the string through a lifting lug on the top of the

each string and then allowsd to hang over the edge of the wind tunnel.

croAas 2 fedeorimiinee P By o T
coAspar i Aletiidion o SRR L 4
. . e
I
i i ! 0
i

As the reference frame and pitot tube were moved the uweight of the

pipe couplings took up any slack in the tubing,

b. Testing Procedure for Pressure Measurements E

Before testing started, it was noted that the fan blade angles ) l

were set nsar their maximum position and that the larger of the two

pulleys was installed on the drive motor. It was therefore decided
that testing would initially be undertaken at a high flow rate of

approximately 66,000 CFM. An inlet damper setting was found which

produced this flow and a mark was then scribed on the damper adjust-

ing mechanism so that the same setting could be achieved at any
desired time.

The micromanometer was placed on a table off to the side of the
test section. The Tygon tubing from the pitot tube was then attached
to the inlet connections of the micromanometer. The wind tunnel was
started up and allowed to run for approximately 20 minutes; letting
the temperature in the room come to equilibrium. After equilibrium was

reached, the mercury baromster and attached thermometer were read and

the readings cortected for temperature and latitude.

At this point a digression will be made to explain the principles

— e r o

v
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“and operation of the micromanometer. This instrument operates on the

eriiiéé;;piea before the unknown pressures were applied. The meniscus

nulling principles first proposed by Prandtl. Two unknown pressures

are vrought to bear on either side of a U-~tube. The U-tube in this
case, having a large reservoir as ons leg and a § in. diameter sloping
glass tube as the other. To use, the operator adjusts the height of

the glass tube until the meniscus is restored exactly to the position

is observed through a8 magnifying eye piece relative to s fixed hair-
line, and the vertical displacement of the tube required to~}estbfe
the meniscus to its known position is read with &« vernier micrometer
calibrated directly in 0.0001 in. increments.

The micromanometer also comes equipped with a thermomster so
that the Butyl aleohol in the reservoir can be corrected for thermal
expansion due to any ambient temperature changes.

The reference or zero reading is obtained by applying equal
pressure to each leg of the U-tube. This is done by turning one of
the taps, to which one of the wnknowm pressures is comnected, to its
zerc position. After the zero reading is recorded, the tap is turned
back to its "on" position and the pressure readings may be cbtained.
The absolute pressure difference is then equal to the reading obtained
minus the zero reading.

With the fan running, the zero reading in the manometer was
recorded. This reading usually did not change during a day's testing,
but did change from one day to the next. This is due to the thermal

expansion effects on the i pint of Butyl alcohol in the reserveir.
2P y

The air stream temperature was obtained by hanging a glass
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; : lab-type thermometer in the jet. The them;met;r was attached to the
g, B clamp holding the pitot tube to the mast. The theﬁmometor waé hung in
| position before the wind tunnel was started so that the time used to
é;% - squalize room conditions upon start up was also used to allow the ther-
: {,,5; ,,,,,, e _mometer to reach an equilibriwm, === o )
g g By woving the reference frame and pitot tube as prescribed in the
? X apparatus section, pressure measurements were taken at the points indi-
'E {” catadrin Fig., 5. Ten readings of dynamic pr;ssure were taken at sach
§i {— point indicated on the figurs. This procedure wes followed for measure-
% - ménts in the exit plane twice. Once with the tumnel in the original
' L location, and then with the tunnel raised 2-3/4 in, Measurements were
'% also taken at a plane 1-1/2 ft. away from the exlt plane,
f L The barometric pressure, air stream temperature and Butyl alcohol
?» - reservoir temperature were observed several times during the course of
'g - a day's testing, and the arithmetic average used in calculations. '
5 ¢. Procedure for Photographic Study in Air Stream
% - A photographic study was undertaken to observe the air stream flow
L visually. This was done for a relatively high volume flow rate and a
- relatively low flow rate. The camera was set up on a tripod approximately
{— 10 ft. away from the exit plane of the wind tunnel. The tripod was then
raised until the center line of the exit plane coincided with the center
- line of the camera lens. The grid-and-tuft network was then set at the
5 exit plane of the wind tunnel; allowing equal distance between the edge
of the wooden support frame and discharge on all sides. Light meter
L readings were taken and the exposure of the film set. It was decided to
use iime-elapse photography since it was motions of the yarn tufts that
.
-




. N R T s
R ek e G s

R H
R

e e e e - AT B I AN SR T o

gt ey

¥ - - 3
- 12
: ,  was sought. Any such motions would creéate a slight blur in the photo- - ‘*
‘ ; graph at the particular tuft and therefore make itself disiinguishable.
* gf The maximum exposure setting of 1 second was used for all photographs

taken during this study.
A3 : The wind tunnel was turned on ard allowed to run for approxi.

I VR PR

mately 20 minutes, A photograph was then taken at the exit plane at

tﬁe : nea;-openr damper s;tt:{ng. The damper was tnen closed to its & E
g open position (approximately) and another photograph taken at the exit
: plane. While the damper was at the near-closed yosition, a line was f
1 P: seribed on the mechanism so that the same locaticn could be obtained ;
’ " again. ‘
“E K The grid-and-tuft system was then moved in succession from the f
‘- ; H exit plane to the locations of 1% ft., 3 ft., and 4 ft. away from the j
o -exit plane. Two photeographs were taken at each Location. One each
* * for high and low flow rates. It became necessary at the 4 ft. location .2
’ to switch the camera lens to a wide optical lens, thus allowing approxi- ;
; mately the same grid area to be photographed throughout the study.

s B wa Y

d. Procedure for Conducting Circulation Study
A circulation study was undertaken in the room. This was done

with a polaroid camera and tufted grid and later with a cloud maker.

The grid-and-tuft scheme was photographed at different locations in

the room occupied by the wind tunnel., The first photograph was taken
with the grid-and-tuft system placed in the double doorway that entered
the room from the left side. Fig. 2 shows ths location of this entrance,
tc the room. The grid system was then rotated 90° clockwiss and moved

toward the front wall approximately 3 ft. This was done to try and
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distinguish, in a quantitative way, how much flow was recirculating from

" - the open=jet and how much was being drawn in from the side room. A

L. photograph was taken at this location, and ths grid-and-tuft system then

- ‘ moved to the right side of the wind tunnel. The grid system was then

i - }7 - located at approximately the same location along the sids of the tunnel
' ? :L ard a photograph taken. It was hop;iﬂ tk:stia;omparliso;l coulda].;soit;e -

| ’ made batween the flow down either side of the wind tunnel. |
i The same general areas were examined when the cloud maker was '
. used. It proved advantageous to also examine the flow along and around

; - the front wall and outside discharge docrs.,

| L

L
L
L
L
L
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- Vo TANALYSIS OF THE INSTRUMENTATION -UNCERTAINTIES -AND THE PROPAGATION
OF THESE UNCERTAINTIES IN THE VELOCITY CALCULATIONS

The main purpose of this investigation was to map the velocity at

successive crosse.sectional planes in the test section of the wind tunnel.

To calculate the desired reeult, the pertinent parameters must be first

identified and‘ihen measured. Therefore, ths functional relationship

 between variables must be known. The functionmal relatiomship for

velocity ist

r2 C [eRrT. P n
ve [ menman fi__s%;gmm
f’air st
P 35.'9.
where =
air R adi

V = velocity (ft/sec)
g = gravitational constant (32.3 ft/sec?)

hman = height of manometer fluid
mesasured as & result of dynamic pressure (ft)

A = density of manometer fluid (me/ftB)

- 'y = 3
P, = density of air in jet (me/ft )

o
{

= static pressure (Lbf/ft?)

ft-lb,,

R = gas constant (53.3 2
me-°R

= temperature »f air in jet (°r)
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It was postulated at the start, that the velocity would be calcu-
1gted with an uncertainty level of less thau 1% of the calculated
valocity with (2031) odds or a confidence level of 95%. To be able to
assign an uncertainty level to velocity, it must first be determined
what uncertainty there is in the measurement of each variable. Therefore,

“in effect, whiat the experimenter doesis to mateh the-instrumentaticon to
a particular experiment to achieve a desired result.

The parameters measursd were dynamic pressire, an air streanm
temperature, and the static pressurs. The insiriments used to messure
sach varisble resypectively were: Micromanometer. glass thermometer and
a mercury barometer. From an investigation of instrumentltion.B'u'S
manufacturers' literaturs, and consuliation with other experimenters
an uncertainty was asrrived at for each instrumeni. They were aa follows:

Micromanomster - +0.0001 in. But, Al. (20:1)

Thermometer - + 1.3°R (20:1)

1

Mercury Barcmeter - 3,54 Lb/f‘:2 (20:1)

1+

These uncertainty levels were determined in the following manner: The
micromanometer's uncertainty was cbtained from manufacturers® litera-
turs; the thermometer's uncertainty was obtained by taking one half the
smailest scale division and adding to it &n amount equal to the differ.
ence between stagnation and static temperature. The smallest scale
division was two degreaes, therefore one half of that amount would be
one degree. The stagnation minus static tempersture must be calculated
a* the air stream velocity. Since testing was initisted at 66,000 CFM
or apprroximately 60 ft. per second, this value of velocity was used in

‘he calculation. It may further be noted that this uncertainty
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‘ ',{_ 'Y specified for temperature measurement in the air stream is the worst -y
A : ig possible condition that could occur using the prescribed thermometer :
o ' in a steady-state flow. The stagnation minus the static temperature =
B | is calculated as follows: :
b ;% ?oT = XE, where T = stagnaticn temperature (°R)
. g- i o ~ 2KC
®f 77—~ T= static tempersture R -
it at 60 ft/sec .

%2 V = air streem velocity (ft/sec)

]

)2 o .
T.T= 5-?0— = ,3%R C_ = specific heat st ,
° 2(1556)(32.2)(.24) P constant pressure = 0.24 B __

e

Lo, - R
? K = dimensional constant g
. The total uncertainty for the temperature measurement in the air stream é
éé is therefore 1.3°R. The uncertainty for the barometer was taken to be %j
1 cne half the smallest scale division which in tnis case was 0.05 in. Hg. §:
“ or J.54 Lb/ftz. %
%; It now becomes necassary to determine how the uncertainty of each §:
jf measured variable sdds to the uncertainty of the calculated velocity. %7
'é It became evident at the start of testing that the error involved in the i
1t process was muchk greater than the srror involved in the micromanomster, :
: At this time it was decided tc take ten measvrements of pressure at
gé each loca*tion and use plus or minus two standard devistions of these
. ten readings as the uncertainty of the manomete:r measuresments. It
%I might be noted that plus or minus two standard deviations is equivalent
- to just slightly greater than a 95% confidence level.
§£ From a method first proposed by Kline arnd McClintock,2 it can be
H seen that if V is the velocity:
{
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aT:n:l.r 2Tair

_é_l’ = --y—

61'lman man

v _ Vv

SF, 2P
ATair = uncertainty of air stream temperature = # 1.3°R
Ah, = uncertainty of manometer measurements = % 2

(standard deviations)
APS = uncertainty of barometer measurements = + 3.54 Lb/ £t2
Dividing &V by V:
2 2 27 4
v 2 air thsm 2 s

The uncertainty in the velocity AV, is therefore equal to AV/V frem
eq. 1 times V, in ft/sec. It may be noted that the confidence level
used for each measurement must be the same when this method is used,

also that it yields the same confidence level for the result.
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If typical values for the micromanometer reading. air stream
temperatura and barometiric pressurs are substitited in Eq. 1 along
with an appropriates uncertainty level for each measured parameter,
the uncertainty in velocity, expressed as & percentage, is obta%;qd.

The quantities inside the radical of Eg. 1 must be in absolute

units. Therefore, when the magritude of each quantity 45 investi—
gated as to its contribution to the totsl, the required accurascy for
the measurement of each parameter can be determined.

Eq. 1 provides for the choice of instruments to prcduce & desired
‘result and a means to caleculate the uncertainty of that result.
For a standardized day of 70°F and 1i.7 psi, the equation for

velocity becomes:

AY
22 R T h T, P
V= _G_._P.ﬂ -nan sic Fz&ﬁm
sd sd sd
where
T = o o
L 70°F or 530°F
Py = 14.7 psi or 2120 Lo/ £t°
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vI. DISCUSSION AND RESULTS
A. Presentation of Calculated Velocities With Accompanying
Uncertainties
i The velocities presented in Table I wére caloulated for a flow
o rate of approximately 66,000 CFM, The location and uncertainty S
% associated with each point in the test section are presented with a
( 95% confidence level. The first series of velocities presented in the
{ table were taken at the exit plane along the horizontal and vertical
1 center lines, It can be seen from the values ohtained for the

horizontal traverse that the velocity increases slightly in a symmetri-
l cal manner about either side of the center poins (1-A). The maximum

range in readings along the horizontal is 0.7085 ft. per secomd. The

,___,_‘
v

maximum range for the vertical readings is 1.1934 ft. per second. In

general, it can also be seen that the readings along the vertical

{

center line are not symmetrical in nature as are the horizontal veloci-

!

ties. It appears as though the velocities are approximately .7 - .8

ft. per secord larger on the lower half of the vertical center line;

t

that is, from the mid point dowm on Fig. 5.

After the exit plane had been mapped as far as pressure readings
. were concerned, it was noticed that the ocuter boundary of the fan
| appeared to be above the wind tunnel center line. Measurements were
7 taken, and the wind tunnel raised 2 3/4 in. so that its center line
| corresponded to the center line of the fan. Flow parameter measure-
ments were agajn taken at the exit plane and the corresponding veloci-
- ties presented as the secord series of values in Table I. The same
L symmetry in flow characteristiecs can be seen with respect to the
-
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‘é along the vertical center line., The range of values appecrs to be

2 much greater than the symmetry of values would first indicats. This

L 15 due to the value at point (1-C*) on the vertical traverse, which
47}777_7WW7_MW7W” is considerably lower than thes rest of the calculated velocities,
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horizontal conter 1ine. The maximun rangs of values are 0.9136 Tt.

per second along the horizontal center line and 1.5977 ft. per secord

It appears that raising the wind tunnel 2 3/# in. bsd the

effects of: producing a more symmetrically distributed flows and

increasing the values of velocity slightly for correspording locations

et
@rnr s

due to less pressure loss in the diffuser section of the wind tunnel.

It was decided to leave the wind tumnel at the elevated location

L wegee

for all further measurements. The same flcw parsmeter measurements

L]
: 3

were taken at 1 1/2 ft. away from the exit plane and the calculated

velocities are presented as series three in Table I. Again the

et

ol
I,

terdency for the velocity to increase outwardly along the horigontal

center line can be seen. The maximum range on the horizontal center

[ ]

line is 0.4748 ft. per secord. The velocities along the vertical

e

center line are symmetrically distributed about the center point

"mn:i."‘l

(1-4), with the tendency to increase in either direction out from the

| movuip]

center line. The maximum range of values on the vertical center line

was 0,7978 ft. per second.

[ et
———

In a comparison of the exit plane and 1 1/2 ft. away from the
exit plane, it can be seen that the range of values along the vertical
and horizontal center lines, and the symmetrical distribution of flow
is better at the 1 1/2 ft. locaticn. It was felt that the constant

pressure boundary around the jet caused this increased uniformity
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of flow.

It was the intention of this investigation to map succegsive

cross sections at both high and low flouw rates. Unfortunately, when
measurements were attempted at a location 3 ft. away from the exit
were encountered in the flow., It then was decided to abandon further
pressure measurements in favor of an investigation into the cause of
these fluctuations. The results of this investigation will appear in
several of the following sections,

B. Photographic Study with the Grid-gnd-Tuft Schene

A photographic study using a grid-and-tuft scheme was urndertaken
to visually examine the flow at succeeding cross sections in the test
section. It was felt that this investigation could be correlated with
the pressure measurements for the same flow rates and locations.

Two flow rates were examined in an attempt to compare the flow
patterns. The high inlet damper setting used was exactly the same
setting used for the pressure measurements, and hence cslculated
velocities. A 3/4 closed inlet damper setting was chosen for the
lower flow rate.

It should be noted that the photographs were taken with the wind
turnel in the 2 3/4 in. raised position and that -he 4 ft. by & ft.
exit area of the wind tunnel correspords to 12 spaces or 13 grid
wires in the photographs (i.e., the grids are 4 in. on a side). The
certer of the test section can be located by drawing diagonal lines
across opposite corners of the exit area of the wind tunnel, shown in

the background of each photograph. After the center is located, the




o sermmes v

- TETGRNET R R

| oy

| g

Pl

o~

-

et

| | dmap--

| Sm——

| o

|
el

ey el B0

"7 the higb‘i’rﬂ_ét damper ’satting ;""Very"little‘ motion-can be ﬁistinguiShe&77 T T

22

steady flow region can be obtained by counting the appropriate number
of 4 in. grid spaces in either direction. It might be added that
motion or turbulence in these photographs will show up as a blur at
the end of the yarn tufts,

Fig. 6 shows the flow to bs quite steady at the exit plane for

inside the 4 square ft. exit area of the tunnel. The motion that is
seen at edges of the exit area is due to the beginning of turbulent
mixing between the jet and the still air in the room. Fig. 7 shows
the flow at the exit plane for the low damper se¢tting. There is no
apparent distinguishable difference between the flow in Fig. 6 and
Fig. 7 with all the same characteristics present.

Fig. 8 shows the flow pattern at 13 ft. away from the exit p’ine
for the high inlet damper setting. The flow also appears to be quite
constant at this location. But it is observed that the turbulent
mixing as started to move iﬁ toward the center, and motion is detect-
able on the grid 4 in. in from the 4 ft. square on all sides. However,
there is a core 40 in. square of stable flow remaining. Fig. 9 shows
the same location for the low inlet damper setting. Again, both
photographs show exactly the same flow characteristies.

Ir making a compurison between the flow visualization and pres-
sure measurements or calculated velocitiss at_the exit plane and the
14 ft. location, the relatively small values of standard deviation
obtained for the dynsmic pressure (see Appendix D) over approximately
a 40 square in. area indicates that the time variance of the pressure

readings was small., This correlates with the photographs taken at
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these locations arnd indicates a steady flow.

Mot BNt

£ham

- Fig. 1C shows the 7low pattern 3 ft. from the exit plane for the

b 1 s

ik

high inlet damper setting. IL can be seen from this figure that a
stable core of only approximately 2% square in. remains. The turbu-

ence level at this locatlon asppears to have increased drastically

L. over what it was for the 1} ft. location;ﬁgiiiishféltifhgiigﬁgxgﬁibﬁlgr77 N

[ lence at this cross section could have some bma“inz on the fluctuations
encountered during pressure measurements,

[ Fig. 11 shows the flow pattern at the 3 “t, location for the low

inlet damper setting. It can be seen from this figure that more

turbulence exists for this damper setting than 3id for the higher E

setting. This result is expected ard will occur in any open-jet.

§ As the flow rate is reduced, mixing penstrates the flow to a

greater extent and usually occurs closer to the exit plane of the wind
tunnel, The stable core in Fig. 11 appears to be reduced to 16 square
L. in.

Fig. 12 shows the flow pattern &4 ft. from the exit plane for the
- high inlet damper setting and indicates about the same conditions as

for the 3 ft. station at the same damper setting. A 12 in. square

core remains, however, some violent turbulent motions can be observed
i at the 4 square ft. boundary area.
Fig. 13 shows the flow pattern 4 ft. from the exit plane for the
- low inlet damper setting. More turbulence is visible near the center
of the flow and for all practical purposes the core is reduced to
zbout an 8 in, sguare,

L “rom the grid-and~tuf*® study, it can be seen that for the most

S,
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part the same flow stability is discernible at hoth the high and low
inlet damper settings.

€. Circulstion Study

A circulation study was performed in the wind tunnel room. Fig. 2
shows the relative position of the wind tunnel in the laboratory. It
vas felt that the combination of this off-centered location and the
double entry from the adjoining room and hallway may cause an un-
balanced circulation of air in the room.

The wird tunnel draws most of its intake air from the room, and
while running strong air currents are noticeabls around the inlet to
the fan. A qualitstive understanding of these air currents was deemed
importart.

The grid-and-tuft network was moved around the room and photo-
graphed to rascord these air currents. Fig. 16 shows the grid-and-tuft
network set in the double doorway of the adjoining room, No measure
of the quantity of flow is available, but it can be seen that the pre-
dominant direction of flow is toward the inlet of the fan. The right
end of the frame for the grid was then rotated 90° clockwise and moved
along the left side of the tunnel a few feet. The upper photograrh in
Fig. 17 shows this location. In comparisor, the flow is seen to be
almost negligible. A significant number of yarn tufts are left hang-
ing in a vertical manner signifying little or 10 flow. The grid
system was then moved to the right side of the tunnel and placed at
approximately the same position from the rear wall as when it was on
the left side. The lower photograph in Fig. 17 shows the flow pattern

at this location. It can be seen from the tuft locations that a
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,é [ sizeable amount of air recirculates along the right side of the wind

{ tunrel.

3 L A cloud maker was used at the seme locations in the room with the 1
'i . é same results. However, the cloud maker allowed the flow to be visuala

g ized near the exit window in the front wall., It was observed that the

*~7 1 bulk of the jet exited out throlgh the opering but with some flow — ——— —
§ traveling in a horizontsal direction along the front wall above and

L. below this exit.

é In summary, it can be sald that meost of “he eireulation currents

E 7 occur from the adjoining rocom and along the right side of the wird

'Er i' tunnel with the one from the adjoining room being the stronger.

2 : D. Air Stream Fluctuation Study

L As previously mentioned, a fluctuation in the air stream was en-

g l countered at a cross-ssctional plane 3 ft. from the exit plane during

B pressure measurements. A study of the freguency and amplitude of this

[“ fluctuation on the axial center line of the tast section and along the

horizontal center line at the 3 ft. cross section was conducted. The

micromancmeter and pitot-reference frame combination were used for
this study. A three.minute period was chosen to count these fluctu-
ations as it was observed they did not occur in a periodic fashion.

l That is, several T uctuations were observed followed by s period of ne
motion. A stor watch wes used to keesp time over three three-minute

time intervals yielding an average perlod. The amplitude was obtained

by nlacing marks on the inelined glass tube of the micromanometer at
*he and points of these fluctuations. The natural frequency of the

-’ eramanometer was calculated to be approximately 1.14 cycles per

- r— -
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;E secord. 7This was done so as to distinguish between the frequency ob-
é 1 served in the air stream and that occurring in the manometer.
gl 4 Fig. 14 shows the plotted results of this study as measured along _
é 'g the axial center line of the test section. It is observed that an -
v é. - increase in the slope of this curve between the 1 1/2 ft. and 3 ft. :
;f%é-distanﬁas.A peak -oocurs at approximately 3 1fL £4. from the axit - o
 §; " plane. It may be further noted that all points observed had approxi-

mately the same amplitude of 0,0150 in. of buty. alcohol. This

amounts to about 3/4% on velocity. The reason ~his percentage differ-

i ot 5k s M2
s

ence did not appear in the readings at the 1 1/2 ft. location can be

k. we

seen by the number of c¢ycles that occurred in one minute at that lo-

Wﬂ.
o —.

»
-

cation. It becom~s apparent that the micromanometer readings were g'

taken whesn the flow appeared stable between fluctuations. i %

te
4

f
tm-.-w‘. . pares orix wnen

Fig., 15 shous the results of the horizontal traverse along the

ey

center line. This study was performed one week later than the one - :

shown on Fig. 14. The importunt thing to note here is that although

 prvent

there is a wide variety of frequencies present across the width of the
jet; the center line point measured to be exactly what it was on

Fig. 14, The center point measurement was obtained first, then points

 fnint

in succession moving toward the right. The center point was measured

L]

again and then points to the left were taken in succession., The center

S

point was then checked again and found to be the same. By ascertain-

oo

ing this center point to be the same on different days under different

ambient conditions, it can be concluded that ambient temperature and

g ]
—a

4

'Q pressure changes have little or no effect on the period or amplitude

e

of the observed fluctuations.

{ b

t=:
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‘ T, Miscellanecus Studies
I The ZPM uf the {an motor was observed cver & 15 minute period to

f2nd out whether changes in RFM had any ralation to the cbserved flucw
! tuations. The XPM was found to be constant for this period of time.

The Helmhnltz Keconator frequency of the wind tunnel and room was

alsc determined.

st aan e A

The natural frequency of a Helmholtz Resonator 1s defined to be:

)

W, = ﬁ?‘ where

e ———

4
[

1'
acoustic inertance = -g—

(@1
[

acoustic compliance = ;;JL‘

density of the air

r
o®
H

) 1* = effective length
S = cross-sectional area at outlet
l V = volume of air inside the wind tunel (or room)
i C = speed of sound in air.

The Helmholtz Resonator natursl frequency of the wird tunnel was calcu-
tated *o be L1 ¢ps. This value is well above the 0.0666 cps that was
observed in the Jet. The room configuration was then used to calcoulats
the Yelmholtz natural freguency. The value obtained was 3.38 ops.

™~

DA ffarent armcunts of added volume from the adjoining room anc effec-

—

<ive _enghs were iried with the lowest result being 1.485 cps. This
value still being significantly higher than the observed value in the

jex.,

—
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VII. CONCLUSIONS AND REZCOMMENDATICHNS

o

In conclusicn, it may be said that the flcw is quite stable gt the
q

]
3

exit plane and at ! 1/Z ft, from the exit plane as was evidenced in the

o

hotographic study and oy the standard deviations of the pressure
! Yy p

ed

[ YR 3

measuremeppigpggiqgg,wr

R,

.. The circulation currents that exist in the room during operating
3
i; conditions arc felt to have .ome eiffect on the observed fluctuations

3 in the jJet. The fan is placed under an unsymmetrical loading condition

[T
il

by drawing most of its intake eir from the adjoining room.
i% The fluctuation that was measured in the air stream is of the

order of 3/4% of the measured velocity. This fluctuation does not

M B YR R AT el 2 ar

i become prominent until a location of approximately 2 1/2 ft. from the
;g exit plane. Therefore, if it is at all possible, it is recommended

il .
- that all testing with models be done at a location of between 1 1/4 ft, :ﬁ

and 2 {/2 £t, from the exit plane.

P

The photographic study showed that it is quite reasonable to
i expect. the same flow characteristics at both a high and low flow rate
for locations inside the 3 ft, distance from the exit plane.
An inlet is being designed so that the intake sir will be drawn
;; through a duct from an opening in the roof. This new intake sysiem
should alleviste most of the adverse circulation currents that now
exist in the room, After this new system has been installed, it is

my recommendation that this fluctuation study be repeated to determine

DN

St

whether the existing fluctuations still exist. If they do, there are

towo
ey

two additional recommendstions that can be offered at this time. The
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“iwst, of these being to construct a plywood room around the test section.
This room ghould be cunstructed in such a manner that the flooxr, side
walls, and celling &arourd the test area are all an equal distance from

the center ‘ine of the flow.

This room should be extended from the

exit plane to the opening through the ocutside wsll and should form a

smooth transition as it passes through the wgll.
The second recommendation would be to do a flow study on the diff-
user section of the wind tunnel. It is possible that the flow is not
being distributed until it is forced through the perforated plates in
the plenum chamber. If thig is the case, a truncated cone baffle
could be designed to aid the diffuser in distributing flow. It is felt
that a more uniformly distributed flow could be achieved by disiribut-

ing the flow before it reaches the plenum chambar.

P R e s
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Wiley, 1967.
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Figure 3. Photograph of Wind Tunnel and Fan
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TABLE I

Caleulated Velocities - Corrected to a Standard Day (70°F and 14.7 psia)
Velocities at Exit Plane of Wind Tunnel
Fer Location of Particular Points - See Fig. 5

(Horizontal Traverse)

Location Yologity
1-A 63.8608 + 0.2952 ]
2.A £3.9625 + 0,233
5-A 64.2161 + 0.2337
7-A 64, Ll62 + 0.2606
9uA 6L, 6280 + 0,2280
11-A 6lt,5721 * 0.2781 > (2031)
15.A 63.8721 + 0.2701
17-4 64,0331 + 0.2402
19.4 64,2470 + 0,2u0L
21-A . 6l Ll06 + 0.2548
23.A 64,5693 * 0,3578
(Vertical Traverse) -
1-C* ’ 63.2980 + 0.2615 ]
1-E 63.1965 + 0.2086
1-G* 63.UU8S + 0.4150
1.1 63.3171 + 0,2542
1=K? 63.7648 * 0.3291 S (20:1)
1-C 62.7946 + 0.2782
1.E 62,6674 + 0.2322
1.G 62.8525 + 0.2781
1.1 63,5168 + 0,294k
1.K 63.4157 = 0.3482 |
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Veloci®ies at Fxit Plane after Raising Wind Tunnel 2 3/U in.

{Horizontal Traverse)

Velocity

Bl 2455 + 0.2349 ]

6L, 3143
&4, 5372
64,5087
61,8674
€5.1591
64,0072
64,1796
64,5144
64.8077

€5.1110

+
.

I+ 1+

I+

1+

+

+

0,335
0.2978
G.3248
0.3152
0.2570
0.2489
0.3254
0.2849
0.2176
0.4815

(Vertical Traverse)

63.9755 &

64,4001

£4, 5886

65.5620 +

65.5732
AL, 5201
64,7281

64,3390

65,5704

+

+

I+

+

C.u558

* 0.3533

0,343
0.2431
0.2365
0.3067
0.3337
0.5038
043429

0.2726

-

S (20:1)

F (20:1)




4

Velocities at ! 1/« r4t. Auay from =it Plane

(Horizontal Traverse)

gcagion Velocity

1A 6l 747 + 0,2819 |

3-A 64,8496 + 0.2901

54 64.9288 + 0,3251

7-A 65.0221 *+ 0,3160

9-A 65.0588 + 0,2738
11-A 65.2195 * 0.2378 $ (2021)
t5-A 64,7844 + 0,2583 |
174 64.9005 + 0.2737
19-A 65.0503 * 0.2985
21=A 65.2870 * 0,3521
23-A 65.4387 £ 0.3996 _

(Vortical Traverse)

1-C* ' 64.8637 + 0.362
1-E¢ 65.1067 *+ 0,3340
1-G* 65.0672 * 0,2584

1-I* 64,9062 + 0,2986

{ Y 65.3826 + 0,3707 2 (20:1)
1€ 64.6425 *+ 0,2988

e 64.9373 + 0.2659

5 61,8212 * 0.4519

1 65.5481 * 0.2516

'K ' 65,5825 2 N 2ukE



XI, APPENDIX

L. Sample talculations

e

L,

X= lf X4 =-‘-§(meo- 2) = 112071
N = N 21

s \T i

& = (X,,- X\ -} - -2 H
————e = ® \O

"Z,I pra—) 1.168 §
Mean and Standard Deviation Calculated For Point (1-A) After Tunnel
Was Raised 2 3/4 in.
Sample Calculation For Velocity: ;

b \2% hA\R‘ = J25‘“W~“ p&ﬂ.‘

Bagr.
h Rz Tar
ore Ard RTA\Q
L] ~—
¢ e Vo= S thmﬂ RTA\QPM/“A
PN\Q

To Corrsct Value To Standard Day (530°R - 14.7 psia)

A \__Lp_a R, | NmaBeR A

No R\R

Dimensional Check

SECT | Wba-tR) Loy

Ve Do [us-feg G X;t-oa \bg -£& \l

N= Sh‘é,‘g « % - (.8 ¥4

B,

C (B9 suosRue)
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15
16
29
26
27
25
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m
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o
55
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52

B. Computer Program fur Calculating Mean and Stundard Deviation

DGEAM DN

DIVENS IOV X(C 129, YC1L2)

PFAD, (I K=1,510)

10T, NASKE

NERN)

NN

DN 2K 121,10

V(1)aRALE=YC1)

AT Y )

504106

PO 45 I=1,N ‘
SUVESUM+XCT) .
¥YNRANaS/XN )

Dﬂ 65 .J"l:.\l

mu (ARSCY CJ)=NRAR) Y%L

SIMLasSUvL+P

X¥N\=Y)

CrusiMMIZ(ZN=10)

S{HINRSTRT(SX) '
FORMAT (1Y Z/%STANDARD DEVIATION=*, F1%/5 10XAMEAnX, F10«4)
PYINT R0, S16GMA, ¥RAR

EMD

NRPRNG

NG s NP3 e ABTIN S « ARGO S « AKTEY 0128?6: 04823 \

199 «4R00, « 48T7» « ARA3

Best Available Copy



5 .*
1N
15
15
)
26
Y
R
3N
3y
Ny
%5
"
55
60
(£33
1¢}
0
i)
)
31
RS
oN
15
1N

B,

CAGRAM DON

PTAFNSTON X(12),YC12)
FFADs (V) K=1510)
15T, BASE

=10

“N=N

DY 2K 121,10
Y(II)=RALF-Y(1)

SUM=0.0

SU%1=0eN

DO 45 1=1,N
SINM=SUM+X (T
YRAN=GIIA/¥N )
No 465 J=1,N

D (ARSI =YRAR ) I x%k2,
Sl =Sl +P

NN=V

U=/ ((YN-14)
SIMA=SAPT(SX)

52

Computer Program for Calculating Mean and Standard Deviation

[

FORMATCLY 5 /77 25TANDARD DFEYIATIOVN= 25 F1 ) e\ LOXEMEA=%,F 1N 4)

DTNHT RNDH,H16MA, 7RAR
D
ENRPRNG

cHUNG NP 2 e 170 5 « 1360 « LHTFy « 28D6s « 4203

cARDD s s iR T T 5 « LA
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4
3 A

D. Initial E&perimental Data

Taken at exit plane - iraverse of horizontal center line é
See Fig. 5 for lacation of test points. i
Average Butyl Alcohol Temperature = 63.5°F é
} Corrected Barcmetric Pressure - 30.005 in. Hg. é
éj Average Alr Stream Temperature - 68.5%F %
§€ Zero M;nometér ﬁeading | - | 1.5200 in. But.rAl. 7 - fwg
L Location Readings Location Readings~ %
0.3956 : 0.3874 z
1-A 0.3917 3-A 0.3882 2
0.3914 0.3881 3
X =1,1294 0.3903 ¥ =1.1330 0.3863 %
& & = 0.0020 0.3894 6 =0,0012 0.3863
0.3901 0.3862 ‘
B X = 1.1294 + 0,0040 0.3896 % = 1.1330 + 0.0024 0.3852
j (20:1) Odds 0.3890 (20:1) Cdds 0.3880
; 0.3892 0.3856 2
. 0.3898 0.3885
;1 0.3782 0.3712 .
5-4 0.3778 7-A 0.3690
h 0.3778 0.3698 ‘
T X = 1.1420 0.3786 X = 1,1502 0.3703
4 6 = 0.0012 0.3773 = 0.0013 0.3704 ‘
i 0.3753 0.3700
= X = 1.1420 + 0.0024 0.3775 X = 1,1502 + 0.0026 0.3693
h (20:1) Odds 0.3800 (20:1) Odds 0.3693
. 0.3786 0.3670 ]
ii 0.3784 0.3715 |

i |




location

9-A

X = 1.1567

¢ = 0,0011

2]

= 1,1567 + 0.0022
(2c:1) 0dds

15-A

1.1298

>4
il

1=
]

0.0017

1.1268 + 0.0034

%
1]

(20:1) Cdds

Readings

0.3623
0.3627
0.3635

1 0.3630

¢.3620

0.3637

0.3630

C.3645

0.3874
0.3910
0.3910
0.3%00
0.3925
0.3925
0.3905
0.3877
0.3897
0.3893

0.3641

Location

11-A

X = 1,1547

¢ = 0,0018

]

= 1.1547 + 0.0036
(20:4) Odds

174
® = 1.1355
6 = 0,0013
X = 1.13%5 + 0.0026

(20:1) Odds




1 Location Readings Location Readings
3 3 0.3795 0.3662
B 19-A 0.3764 21-A 0.3714
§:; 0.3762 0.3690
C x=1a431 | o.3762 % = 1.1500 0.3723
i 6 = 0.0013 0.3765 6 = 0,0020 0.3723
0.3765 0.3726
: % = 1.1431 + 0.0026 0.3781 % = 1.1500 + 0,0040 0.3691
i il (20:1) Odds 0.3766 (20:1) 0dds 0.3693
k “ 0.3777 0.3694
: 0.3750 0.3666
L |
0.3595
T 23-A 0.3656
t- 0.3656
L % = 1.1546 0.3656
i 6 = 0,0027 0.3693
Be 0.3636
! % = 1.1546 + 0.0054 0.3675
(20:1) Odds 0.3637
1 0.3672
ij 0.3662
)
L
¥
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Average Butyl Alcohol Reservoir Temperature - 70°F
Corrected Baromeiric Pressure ~ 31.46 in. Hg.
Average Air Stream Temperature - 7LOF
Zero Manometer Reading - 1.6027 in, But. 4l.
Location Readings Location 7 Readings
0.4495 0.4508
1-C 0.4485 1-E! 0.4521
0.4456 0.4510
X = 1.1551 0.4503 x = 1,154 0.4513
g = 0.0017 0.4490 g = 0.0009 0.4507
0.4470 0.54496
% = 1.1551 + 0,0034 0.4452 % = 1.1514 + 0,0018 0.4510
(20:1) Odds 0.Lk72 (20:1) 0dds 0.4524
04472 0.452l
0.L465 0.4513
Sl Sl 0.5447
1.G? ) 0.4ur2 1-Iv 0.L455
0.4393 0.4460
X = 1.1606 Q.bh22 X =1,1558 0.L4k€0
¢ = 02,0034 0.4405 & = 0.0016 0.4452
- 0.4402 0.4478
X = 1.1606 * 0.0068 0.ul15 x = 1,1558 + 0.0032 0.4478
(20:1) Odds 0.k417 (20:1) Odds 0.4478
0.47373 0.4490
0.4496 0. 4400
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&k

Readings

g
o
o+
o
oy
o
.
‘]
-
o
0
Fi
a
=

= 1K 0.4725 1-C 0.4675
i 0.4231 0.6k
e

x = 1.1722 0.4330 x = 1.13¢8 0.ub72

& = 0.0025 ’ 0.4291 T = 0.0019 0.4658
. 0.4291 014658

- X = 1,1722 * 0.0050 0.4275 X = 1,1368 + 0,0038 0. 4660
;? (20:1) Odds 0.4284 (20:*) Odds 0.4655
0.4284 0.4627

AR TSR A MM T i B o K Dok ie S 20 .69 g et
ZV‘SA".\;m‘,l.'!L'Q“;’JK'G’.YTY”“mm.':NW“.'m”’k"?ﬂ,\\f"iﬂ‘?'”l*" Bl Sk aet s

0.4295 0. 4647

= 0.4688 0.46k2
¢ i i-E 0.4711 1G C.ubh2
‘E 0.4685 0. 484k

ANy %= 1.1322 0.4712 % = 1.1389 C.L647
z % g = 0,0013 0.4706 g = n.n0i9 0.4613
oo 0.4690 0.4657
}: % = 1.1322 * 0.0026 0.4722 X = 1.1389 * 0.0038 0.4610
- (20:1) 0dds 0.4712 (20:1) Odds 0.L612

0.4712 0.4663

A

0.L4712 0.4651
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L e on oot ) Drtca Al
—

&G

cation Readings Logation Readings

(20:1) Odds

0.439¢C
0.4381
Q.L1l
0.5410
0.4393

0.4397

i

1.1597 * 0.0054

0.108
0.1z
0.4k22

0,422

0.4450

0.4432
0.4481
0.4390
0.L4ub2

L 0.4380 0.L420

Ad .
3 '
3 {
-~ 1
3
v .
&
3 i
[ i

!
)
1
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a Data taken at 1 1/2 it. from exi® rlane
T Average Dulyl Alcoohcl Temperaturs - &2°F
- Corrected Barometric Pressure - 29.41 4in, Hg.
'% Average Air Stream Temperature - 66°F
E
Zero Manometer Reading - 1.6380 in, But, AL,

etk T

raizireny

LA

-y

g B e

ey

Loecation

=1.1813

>t
[

o
i

0.0018

1.1413 * 0.0036

"
L}

(20:1) Odds

5-A

X = 1.1478
¢ = 0.0023

¥ = 1.1478 + 0.0046

(20:1) Oads

Rheadings

0.4753
0.4765
0.4730
0.4757
0.4776
0.4777
0.4753
C.4762
0.4787
0.4766

0.4757
C.u706
0.4680
0.L714
0. 4694
0. 4694
0.4705
0.4680
0.4682

0.4710

Location Headings
C.L7i0
3-A 0.4726
0.k720
X = 1,1450 0.4700
6 = 0.0C:S 0.473
0.4 63
X = 1.,145C # 0,0038 0.4720
(20:1] 0Odds 0.4738

=t

|
e

(20:1) Odds

L1511 + 0,004

C.4690
0.4660
0.L654
1511 0. 466U

0.4650

TN IR o8 et

3 b et by




erase R
A €I IANE

.
v ) Location Realings Location Readings
| “ 0.1:687 0.460;
1 Quh C.u6hE 11-A 0.4597
i 0. 46isE 0.5590
- % = 1,152 O.ub54 X = 1.1581 0.4607
E ¢ - 0.0017 0.4685 6 = 0.0012  Jower
é : 0.4651 0.4582
‘ X = 1.1524 = 0.003%L 0.4650 X = 1,1581 + 0.0024 0.L604
. ( (20:1) Odds 0.4657 20:1) Odds 0. 4604
? 5 0.4655 0.4580
: 0.4634 0.4618
0.4731 » 0.4703
B 15-A 0.47isk 17-A 0.4703
'“vE . 0. u76l 0.4723
3 ‘e % = 1.1427 0.u761 % = 1.1468 C.L723
: " & = 0.0015 0.4774 q = 0.0017 0. 470k
- 0.4775 0.4721
X = 1.1427 + 0.0C30 C,L7ub X = 1.1468 + 0.0034 0.4692
' (20:1) Odds C.L760 (20:1) Odds 0.LEg2
0.4739 0.4712
R 0.6740 0. 4747
{
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Logation Readings Logation

0.4675

19-A 0.4675

0.4661

OHTO F = Laib0s

< = 0.0020 0.4656 ¥ = 0.0026

0.4632

% = 1.1521 + 0,0040 0.4665 1.1605 + 0,0052

(20:1) Odds 0.4692 (20:1) 0dds

0.4634
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-This investigation deais with mapping the velocities at successive cross-sectional
planes in the test section of an open-jet wind tunnel., The instrumentation was chosen

so that the total uncertainty on the calculated velocity would be less than 1% with a
95% confidence level.

The Jjet was studied using photography and a grid-and-tuft scheme, and it was
determined that the same flow characteristics appear at both high and low flow rates.

The best probable location for model testing was determined to be 1-1/4 ft. to
2-1/2 ft. away from the exit plane of the tunnel as indicated by the combined pressure
measurements and the photographic studies. It was also noted that turbulent mixing E
occurred between the jet and the still air in the room. The turbulence had a tendency t
to move in toward the center of the jet at successive planes from the exit plane of the
tunnel. The most drastic change in turbulent mixing occurred at a cross-section 3 ft.
away from the exit plane. Recommendations for alterations to the facility are made
for testing at or near the 3 ft. location. :
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